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ABSTRACT 


A stereo endoscope including a pair of objective optical 
systems, a pair of relay optical systems, an imagery optical 
system having a single optical axis, and a pair of imaging 
devices. The imagery optical system is a zoom optical 
system or a varifocal optical system. For example, an 
encoder is used to detect a magnitude of moving lenses in 
the zoom optical system. Based on the detected magnitude, 
a control unit allows the two imaging devices to approach or 
depart from each other. Thus, the stereo endoscope attains 
the coincidence between observation points of right and left 
fields of view against the displacement points of right and 
left object images resulting from variations of zooming 
magnifications. 

1 Claim, 16 Drawing Sheets 
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STEREO ENDOSCOPE AND STEREO at a high speed and displayed on the monitor. An observer 

ENDOSCOPE IMAGING APPARATUS wears special glasses, looks at the Left image with his/her left 

eye and the right image with his/her right eye. and thus has 
This is a division of application Sex. No. 08/155.807 filed a sense of three-dimensionality. 
Nov. 23, 1993. now VS. Pat No. 5.522.789. 5 In recent years, another procedure has been proposed: two 

R A rifi^mrNmnFTifFi>A^Tsmnw sraaU ^8*= ^P 1 ^ elements, such as liquid crystal 

BACKGROUND OF THE INVENTION displays, are employed; a left image is displayed on one of 

1. Field of the Invention the display elements and a right image is displayed on the 
The present invention relates to a stereo endoscope and a othcr ^play clement; and the right and left images are 

stereo endoscope imaging apparatus which enable stereo 10 obscrved me and lcft eyes, respectively. Thus, 
observation of an object by producing a parallax. three-dimensionality is realized. 

2. Description of Related Art dsha of the above display procedures, for normal 

i- 4 . , . , three-dimensionality, the endoscope must be focused at a 

fh^?ST^^f pointofthecoin^ 

for example, the inside of a body cavity as a p ane without 15 £ terscction btt9m thc ^ £ c5 of mc ri ht and lcft 
a depth. ConvenUonal endoscopes have difficulties in visu- orrical stems) F 8 

alizing the fine irregularities on the surface of an internal °\ ^ S . 

waU of a body cavity which are very important diagnostic A ^ usin S a endoscope, there is a 

indices. As a solution to this problem, a stereo endoscope has demand for lookin 8 at ^ whQle <* *» ob J ect t0 curved 
been proposed. For example. Japanese Patent Laid-Open 20 at a dteaMe or obse ™g part thereof in an enlarged 
No. 57-69839 has disclosed a stereo endoscope in which scale - To co ^ m$ dcmand for example, the conven- 
objective lenses are attached to one end of each of a pair of tionai cadosco P e showB ™ mG - 1 should ^constructed in 
image guides, and eyepieces arc attached to the other ends such a manna ' mat zoom °P tical s y stems m used * e 
thereof. In this stereo endoscope, the two image guides are s y stcms 7Sa and 7Sb to vai > &c fidds of 

paired and incorporated in an insertional part of the endo- 25 VICW * 

scope. A convergence angle formed by the pair of objective 1° the configuration of a conventional stereo endoscope, 
lenses with respect to an observation object point is set to a ^e rig* 11 and left optical systems are completely independent 
value that permits stereo visualization. Thus, the inside of a of eacri °toer. This brings about the following drawbacks: 
body cavity can be observed three-dimensionally. (1) Minute magnification errors in right and left objective 

The foregoing conventional stereo endoscope is based on 30 optical systems, relay optical systems, and zoom opti- 
a flexible endoscope. In a rigid stereo endoscope, two relay cal systems are accumulated to appear as a difference in 

optical systems are arranged in parallel with each other magnification between the right and left optical sys- 

Optical images provided by the two relay optical systems are terns. This becomes outstanding, in particular, when the 

picked up using charge coupled devices (CCDs), thus zoom magnifications are Increased, 

enabling stereo observation. 35 (2) When the zoom optical systems are used for zooming; 

U.S. Pat. No. 4,924,853 describes a rigid stereo endo- ^ is * when the lenses are moved along the optical 

scope that includes two photoconductive means and two ^es « movement errors in the right and left zoom optical 

shutters, wherein two optical images provided by the pho- systems are added to the minute errors described in 

toconductive means are intercepted alternately by the shut- ' tem (*)■ 

ters in order to enable stereo observation. 40 ^ difficult to bring the errors mentioned in items (1 ) and 

The foregoing rigid stereo endoscope includes, as shown (2) under controL for mc ™° m of*"* 1 systems in a 
in FIG. 1, a pair of optical systems and a pair of imaging conventional stereo endoscope, the right and left zoom 
devices (CCDs) 7la and 7li>. A pair or objective optical °P acal s y stems te interlocked with each other for fear 
systems 72a and 72b facing a region to be observed are ^ mc n^gnifications of right and left images may differ 
incorporated in the distal part of an insertional part of an 43 from ^ othcr ^ tn increased, the magnifications of right 
endoscope 70. The pair of objective optical systems 72a and and left ima 8 cs diffcr from each more critically. In 
72* are spaced to such an extent that a parallax enabling I***"*' il « almost impossible to control the foregoing 
stereo visualization will be created. errors. A control mechanism would be very complex. 

Relay optical systems 73a and 73* for transmitting right to * \ ***** there is a problem 

and left object images are located behind the objective 50 concen^g focusing. The light and left optical systems mu st 
optical systems 72a and 72*. A shielding plate, which is not ** blocked ^ simultaneously 
shown, is placed between the relay optical systems 73a and "* m& mcan * <f a ^wback similar to that 

concerning the zoom optical systems could occur in the 

' . . . mj ..^ ^. ^ . conventional stereo endoscope. 

Angling .^yorrtcd systems 74a aid 74* wtuch transmit 53 u , ^ Escape, r&t and left images having a 
the nght and kft object images while changing me optical to ^ a XD J o{ 

paths arc located behind the relay optical systems 73a and three^imensionality. Since the right and left images have a 
7» Imagery optxcal systems 75aand 756 for forming the ^ the conto^ shown m rTLgesarc 

nght and left images are located behind the anghng relay misB »lchc& a bit However, as long as the displacements of 
c^cal systems 74. and 74b and in front of the CCDs 71* a me ^ rf ^ ^ « ft ^ ^ ^ u 

appropriate range, an observer will observe the right and left 

The nght and left object images picked up by the CCDs images as coincident images and have a sense of three- 

71ff and 71* are converted into electrical signals. The dimensionality, but do not recognize the images as different 

dectncal signals are processed by a signal processing unit imag^. m snoit me observer recognizes the right and left 

76. and then displayed on a monitor 77. ^ as one stereo 

A procedure for observing a stereo image will now be However, when the difference in magnification between 

described. That is to say. right and left images are switched right and left images exceeds a limit the sizes of the images 
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differ from each other. The images therefore do not coincide FIG. 2a schematically shows a configuration of a rigid 
and are seen as doubled. Thus, an observer fails to recognize stereo endoscope; 

the images as a stereo image and fatigue is likely. FIG. 2b shows a configuration of a zoom optical system; 

When the inconsistency between the centers of rigjit and HG 24? is an explanatory diagram concerning variations 
left fields of view is too great the displacements of the 5 of fie]ds of 

display positions thereof increase. The right and left images , ... . 

the^taTdo not coincide with each oZ and are se*7as ™ M » an explanatory diagram concerning a shirt in 
different images. When right and left images are out of focus P os " ,on <*«■**««* observaUon points; 
or. for example, when one of the right and left images is in FIGS. 3a to 3g are explanatory diagrams showing varia- 
focus but the other one is out or focus (blurred), the aforesaid 10 ^ds of fields-of-view and movements of imaging devices; 
problems occur. HG. 4 is a perspective view showing a specific example 

of a structure of an imaging device driving means; 
SUMMARY OF THE INVENTION miSU* perspective view showing a specific example 

An object of the present invention is to provide a stereo of a structure of an imaging device driving means; 
endoscope and a stereo endoscope imaging apparatus which is pjQ s is a block diagram for explaining the drive and 
offer a limited difference in magnification between right and control of a zoom mechanism and a CCD drive mechanism; 
left subject images having a parallax between menu realize ma 7 i, & Uock diagram for explaining the drive and 
optimal three-dimensionality, and tend to reduce fatigue in of M tical sys ^ C CD drive mechanism; 

an observer. . 

^ . tL . , FIG. 8 is a block diagram showing circuitry for interlock- 

Another object of the present invention is to provide a *> mechanism and a CCD drive mechanism by 

stereo endoscope 0* obvuus the : necessity of mterlocking * ^ in ^ of ^ number of lses; 

the operations of right and left optical systems, enables easy * r 

and uniform adjustment of at least either of magnifications *° 9b IcUtc to a sccond embodiment; 

or foci, realizes optimal three-dimensionality, and tends to FIG. 9a shows a configuration of a stereo endoscope; 
reduce fatigue in an observer. 23 FIG. 9b is an explanatory diagram concerning an in-focus 

Yet another object of the present invention is to provide a position; 
stereo endoscope and a stereo endoscope imaging apparatus FIGS, la to 10c relate to the third embodiment; 
that attain coincidence between right and left images despite mG 10a te a configuration of a stereo endoscope; 

shifts of observation points for right and left object images ^ «a i. *i « e 

t,*' i- J i **. 30 FIGS. 10b and 10c show another configuration of an 

having a parallax between them, realize optimal three- ~r . . , 6 

dimensionality, and tend to reduce fatigue in an observer. objective optical sys cm, 

Another object of the present invention is to provide a nGS - 11 afld 12 rektc t0 * e fourth embodiment; 
stereo endoscope which attains coincidence between right HG. 11 shows a configuration of a stereo endoscope 
and left images despite shifts of observation points for right 35 system; 

and left object images having a parallax between mem, and FIG. 12 is a block diagram showing a circuitry of a signal 
allows an observer to see right and left images as an optimal processing unit; 

stereo image with his/her naked eyes. FIGS. 13 to 16 relate to the fifth embodiment; 

Yet another object of the present invention is to provide a nG 13o ^ a configuration of a stereo endoscope; 
stereo endoscope imajang apparatus which performs elec- ^ ^ confi ^ of an ^ stmcai opUcal 

tncal r^ocessmg to att^n coma^nce between right and eft e of foaj * ^ magnification 

images despite shifts of observation points for nght and left adjustment- 
subject images having a parallax between them, and displays J ' 

the right and left images on a monitor while realizing nG - 13c " 40 explanatory diagram concerning imaging 
optimal three-dimensionality. 45 of ri #« m * lcft formed oa a C 00 '* 

In a preferred working mode of the present invention, a H* 3 - 14 a Uock diagram corjeerning an example of a 
stereo endoscope includes a pair of right and left objective circuitry of a signal processing unit; 
optical systems which are arranged with a predetermined FIG. 15 shows a configuration of a memory; 
space between them and each of which forms an object FIG. 16 is an explanatory diagram concerning stereo 
image, an image transmitting means for transmitting right so display; 

and left object images formed by the objective optical FIGS. 17a and 176 relate to the sixth embodiment; 
systems to desired portions an imagery optical system FIG. 17a schematicaUy shows a configuration of a stereo 
which has a single optical axis, receives the nght and left v™ ~! ' * 

object images from the image transmitting means, and forms en sco ^ Ct an 

the right and left object images at predetermined positions, 55 HG llb shows conA « uratioDS of fibcr mcans - 

DETAILED DESCRIPTION OF THE 
right and left object images formed by the imagery optical pppccpvnn vMnnnTvrPNrc 

system, and converts the received light into electrical sig- PREFERRED EMBODIMENTS 

nals. FIGS. 2 to 8 relate to the first embodiment of the present 

Other features and advantages of the present invention 60 invention. FIG. 2a schematically shows a configuration of a 
will be fully apparent from the description below. stereo endoscope apparatus. FIG. 2b shows a configuration 

BRIEF DESCRIPTION OF THE DRAWINGS l^^l^ 

FIG. 1 shows a configuration of a stereo endoscope of the explanatory diagram concerning a shift of the positions of 

prior art; 65 coincident observation points. FIG. 3 is an explanatory 

FIGS. 2 to 8 relate to the first embodiment of the present diagram showing variations of fields-of-view and move- 
invention; ments of imaging devices. 
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A stereo endoscope of the present invention will be zoom optical system 5A is set to. for example, expand the 

described using a rigid endoscope as an example. fields -of-view (reduce the magnifications), the position of 

A stereo rigid endoscope 1 shown in FIG. 2a has a rigid the centers of coincident right and left fields-of-view is. as 

insertionalpart. The rigid stereo endoscope 1 includes a pair indicated with dashed lines in FIG. 24 shifted far behind 

of objective optical systems, a pair of relay optical systems 5 (point Ql). In other words, the point of the coincident 

serving as image transmitting means, one imagery optical centers (coincident observation points) of the right and left 

system, and a pair of solid-state ima g in g devices, such as fields-of-view; that is. the intersection between the axes of 

CCDs 2a and 2b t serving as imaging means. the right and left optical systems shifts back and forth to 

A pair of objective optical systems 3a and 3b facing a P 0 ^ Q 1 40(1 Q 2 10 mG - 2d 

region to be observed 11 arc located in the distal part or the 10 Shifts of imagery positions on CCDs resulting from a shift 

insertional part of the endoscope 1. The pair of objective of the position of coincident centers of fields of view will be 

optical systems 3a and 3b arc spaced to such an extent that described in conjunction with FIG. 3. Right and left images 

a parallax permitting stereo visualization will be created. are seen behind the relay optical systems 4a and 4b as shown 

Relay optical systems 4a and 4b each comprising a * n 3a and 3b irrelevant of the zoom magnifications 

plurality of lenses are located behind the objective optical 15 thereof. Behind the zoom optical system 5A. the positions of 

systems 3a and 3*, which transmit right and left object me ri 8 nt ieft iniages are mutually switched. When the 

images of the region to be observed 11 backward. The relay zooming magnifications are low. as shown in FIG. 3c; the 

optical systems 4a and 4b are formed with equal-power and left object images are formed within the imaging 

afocal lens systems that transmit incident images toward surfaces of the CCDs 2a and 2b. At this time, as shown in 

emission ends without changing the magnifications of the 20 ^Kr. 3*, the axes of the right and left optical systems 

images. A shielding plate (not shown), is placed between the intersect at the location of the object 11. In other words, the 

relay optical systems 4a and 4b. intersection falls in with the object 11. 

An imagery optical system 5 having one optical axis is Behind the zoom optical system 5A. when the zooming 

located behind the relay optical systems 4a and 4b. The magnifications are high, as shown in FIG. 34 the imagery 

imagery optical system 5 forms the right and left images on positions get mismatched as the right and left field-of-view 

the imaging surfaces of the CCDs 2a and 2b. expand. Images picked up by the CCDs 2a and 2b differ 

The right and left object images formed by the CCDs 2a from each omex - Consequently, thre-Oimenisionality is not 

and 2b are converted into electrical signals. The electrical realized. 

signals are then processed by a signal processing unit (not ^ As mentioned above, the position of the coincident cen- 

shown). and displayed on a monitor (not shown). The ten (coincident observation points) of the right and left 

information derived from the right and left object images is field-of-view; that is. the intersection between the axes of the 

displayed on the monitor alternately on a time-sharing basis. right and left optical systems shifts. In this embodiment the 

and thus appear as right and left optical images having a space between the CCDs 2a and 2b is varied along with 

parallax between them. An observer wears special glasses 35 zooming. Thus, the position of coincident observation points 

and observes the optical images as a stereo image. In the is held unchanged. In other words, the same position (region 

special glasses, the right and left glasses are shielded alter- to be observed) can be observed all the time with the same 

nately synchronously with the right and left optical images three-dimensionality. That is to say. the CCDs 2a and 2b are 

displayed alternately on a time-sharing basis. Aside from the moved so mat the intersection between the axes of the right 

aforesaid display method, a method of displaying right and ^ and left optical systems passing through the centers of die 

left images simultaneously on two monitors is available. imaging surfaces of the CCDs will intersect at the location 

The imagery optical system 5 may be formed with one of the object 11 as shown in FIG. 3/ In FIG. 34 as indicated 

lens having one optical axis or composed of a plurality of w ith dashed lines, the CCD 2a is moved so that the left 

lenses having one optical axis. Unlike an arrangement in image formed on the CCD 2a will be identical to the right 

which right and left optical systems are employed 45 image formed on the CCD 2b. When both the CCDs are 

independently, a difference in magnification hardly occurs. moved further with the space between them held intact an 

Unlike an arrangement composed of right and left optical enlarged object image can be observed irrelevant of a region 

systems, the imagery optical system 5 can offer a reduced °f an object 

difference in magnification between right and left object The two CCDs are moved by the same distance in 

images having a parallax between them. 50 opposite directions indicated with arrows in FIG. 2. With 

In this embodiment the imagery optical system 5 is a this movement the intersection between the axes of the right 

variable power optical system; that is. a zoom optical and left optical systems shifts farther away from or closer to 

system. A zoom optical system 5A shown in FIG. 2b may be the center axis between the objective optical systems 3a and 

employed. In the zoom optical system 5A shown in FIG. 2b, 3b as shown in FIG. 2d. Even after the magnifications of 

a lens 12. a variable power lens 13 for changing 55 rig** lc ft images are varied, the position (region to be 

magnifications, and a compensating lens 14 for compensat- observed) that has previously been seen can be seen intact 

ing for a shift of the location of an image resulting from a In other weeds, even after the zooming magnifications of 

magnification change are arranged in that order behind the right and left images are varied, as shown in FIG. 3g. the 

relay optical systems 4a and 4b. The variable power lens 3 centers of imaging surfaces of the CCDs 2a and 2b are 
and compensating lens 14 are driven by an optical system 60 aligned with the centers of fields of view. A desired region 

driving means 78 and move back and forth along the optical of the object 11 is therefore still imaged. The region mat has 

axis, thus changing magnifications, been positioned previously can be positioned intact in the 

When the zoom optical system 5A is set to reduce the centers of the imaging surfaces of the CCDs 2a and 2b. 

magnifications of right and left images, the fields-of-view In this embodiment, an arrangement for moving and 
expand as indicated with dashed lines in FIG. 2c. When the 65 controlling the CCDs is. as shown in FIG. 2. composed of 

magnifications thereof are increased, the fields-of-view a movement value detecting means 15. a driving means 16. 

shrink as indicated with solid lines in FIG. 2c. When the and a control means 17. The movement value detecting 
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means 15 detects a magnitude of adjusting the zoom optical may be formed with an encoder that is combined with the 

system SA for varying the magnifications of right and left motor to detect the magnitude of rotation of the motor. The 

images; that is. a magnitude of moving the lenses far varying magnitude erf rotation detected by the encoder is regarded as 

the magnifications thereof. In general, the lenses constituting the magnitude of movement of lenses, 

a zoom optical system are moved to vary the magnifications s In a zoom mechanism of the foregoing known ait a pin 

of right and left images (which is referred to as magnifica- projecting from a lens support frame, which is frequently 

tion adjustment). Amagnitude of adjusting the zoom optical employed for a camera or the like, is fitted in a cam ditch on 

system 5A is therefore detected as a magnitude of moving a ™» f>d then the cam cylinder is routed, while 

lenses. The driving means 16 changes the space between the the pin is restrained from rotating U this mechanism, the 

CCDs la and 2b In other words, the driving means 16 to foment value detecting means 15 can be composed of. 

moves at least either of the CCDs. The control means 17 for example, a pltiraMy of conductive patterns formed on the 

mu . ' " . .. ^ ~~; , outer circumferential wall of the cam cylinder and a plurality 

controls the dnvuig means according to the magnitude of of ^ ^ ^ ^^adve patterns. In other 

movern«^ detected by to ^ WQfds ^ movement vjaue ^ans 15 is an 

*f HtZ^f^X con !? 1 m6an f. *l P° sltlo,, . s . encoder. The movement value detecting means IS is not 

of the CCDs 2« and 2b are varied according to the roagm- »J resldcte<1 tQ ^ e3Mmple 

hide of moving lenses. FIG. 6 is a block diagram for explaining the drive and 

FIG. 4 is a perspective view showing a specific example COMrol of a zoom mechanism and a CCD drive mechanism, 

of a structure of the <^">g n*ans 16 The driving means 16 a CCD drive mechanism 40 shown In FIG. 6 is driven by 

shown in FIG. 4 is a CCD drive mechanism composed 1 of a a CCD ^ molor 42 mat is coattoaed by a control circuit 

motor saving as a driving source and gears. In the CCD *> 4 , $ as , wntrol means . ^ CCD ^ mec hanism 

dnve mechanism, two shafts 6 and 7 are running m parallel 4 „ ^ ^ me CCDs ^ ^ ^ ^ CCD drjve 

with the imaging surfaces of the CCDs la and to which are mechanJsm 40 * ldentlca , t0 , for le , mc CCD ^ 

located side by side on the opposrte Sides of toe imaging mechanisnl ^ „ ^ 5 . ^ CCD ^ motor 42 

surfaces. The drive shaft 6 is segmented with a stopper fa as corr ^ t0 me lla md ^ variable 

f "TJLT* ?T -i , I5C " ^""TiTf^r W and compensating lens 14 are responsive to the 

toward both ends to provide male screws 6b and 6c. In the , f - . . * , 

* * ~7 r ^ , - A , ^ *" mv operation of a zoom mechanism 44 serving as an optical 

CCDs 2a and lb ; femafc screws 2c and 2J are threaded to J£m ^ mAuilm ^ ^ ^ b J tical ^ 

be engaged with *e male screws 6* and 6c . Hie pride shaft ^ ^ undef ^ contro , of ^^^i circuit 4 1. 

7,s .oserted into through holes 2e and 2/of the CCDs 2a and ^ Md movcd u ^ me ^. ^ encodCT 45 

is formed in. for example, the aforesaid cam cylinder 

A driving gear 10 is fixed to one end of the drive shaft 6 constituting the zoom mechanism 44, and detects the mag- 

and engaged with a rotary gear 9 of a motor 8 controlled by of m0 vement of the cam cylinder; that is. the mag- 

the control means 17. nitude of movement or the lenses 13 and 14. The detected 

In the driving means 16 shown in FIG. 4, the drive shaft 35 magnitude of movement is fed back to the control circuit 41, 

6 rotates with the rotation of the motor 6. At this time, the and utilized to position the lenses 13 and 14 for zooming and 

CCDs 2a and 2b are restrained from rotating by the guide stabilizing the actions of the lenses 13 and 14. and control 

shaft 7. With the rotation of the drive shaft 6, the CCDs 2a the magnitude and direction of movement of the CCDs, 

and 2b therefore slide along the shafts. Owing to the male According to a circuitry shown in FIG. 5, a zoom mecha- 

screws 6b and 6c threaded on the drive shaft 6 in mutually ^ a i sm serving as an optical system drive mechanism and a 

opposite directions, the CCDs 2a and 2b approach or depart CCD drive mechanism are mutually interlocked by means of 

from each other by the same distance. a mechanism composed of gears and others, and one driving 

The driving means 16 shown in FIG. 5 includes motors source. An optical system/CCD drive mechanism 46 shown 

11a and tlb having gears 23 fixed to rotation axes, racks 24 in FIG. 7 is composed of a plurality of combinations of gears 

fixed to the tops of the CCDs 2a and 2b and engaged with 45 constituting a zoom mechanism and. for example, gears 

the gears 23. and guide shafts 7 inserted in through-holes 2c constituting the CCD drive mechanism shown in FIG. 4. The 

and 2/ similar to those formed in the CCDs 2a and 2fc shown optical system/CCD drive mechanism 46 thus has a 

in FIG. 4. When the motors 11a and lib controlled by the mechanical structure for moving the CCDs 2a and 2b 

control means 17 rotate, the CCDs 2a and 2b having the according to the actions of lenses for zooming. The optical 

racks 24 fixed slide along the shafts. The magnitudes and x system/CCD drive mechanism 46 is driven by a motor 47 

directions of moving the CCDs 2a and 2b correspond to the that is controlled by a control circuit 41A. 

magnitudes and directions of rotating the motors 11a and in FIG. 8, two driving sources; that is, pulse motors 42A 

11^* and 43A are driven at the rate of a predeterrnined number of 

The foregoing structure allows the CCDs to approach and pulses per unit time, so that a zoom mechanism and a CCD 

depart from each other similarly to those in the structure 35 drive mechanism will be mutually interlocked. A control 

shown in FIG. 4. Furthermore, one of the CCDs can be circuit 41B controls the number of pulses supplied by a drive 

slided independently. pulse generator 48 so that the number of pulses to be 

A zoom mechanism serving as an optical system driving supplied to the CCD drive motor 42A will have a prcdeter- 

means for moving the variable power lens 13 and compen- mined relation to the number of pulses to be supplied to the 

sating lens 14 back and forth along the optical axis can be 60 optical system drive motor 43 A. 

configured with a known art by coinbining a motor serving The optical system drive motor 43 A drives a zoom optical 

as a driving source, a gear for transmitting a torque of the system using a zoom mechanism 44. The CCD drive motor 

motor, and a mechanism for converting the torque into a 42A drives at least either of the CCDs 2a and 2b using a 

linear reciprocation. Owing to the zoom mechanism, the CCD drive mechanism 40. Alternatively, the same number 

variable power lens 13 and coxnpensating lens 14 move back 65 of pulses may be supplied to the motors 42A and 43A. but 

and forth along the optical axis with an appropriate space the gears constituting drive mechanisms may be arranged 

between them. The movement value detecting means IS differently to restrict the magnitude of movement 
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In this embodiment, a zoom optical system having a indicated with dot-dash lines in FIG. 9b This means that the 

single optical axis is employed. This obviates the necessity position of an intersection between the right and left optical 

of interlocking the operations of right and left optical axes is consistent with an in-focus position. For bringing a 

systems for magnification adjustment A difference in mag- near point into focus, the CCDs 2a and 2b are moved toward 

niftcation for zooming between right and left images can be 5 departing from each other. For bringing a far point into 

rninirnized. In this embodiment a difference in magnifica- focus, the CCDs 2a and 2b are moved toward approaching 

tion between two object images having a parallax between mutually. Thus, the space between the right and left CCDs 

them can be eliminated. Furthermore, even when the lenses 2a and 2b is varied depending on the detected magnitude of 

of a zoom optical system are adjusted for zooming, the movement of the focusing lens 22. 

observation points of right and left fields of view become 10 in this embodiment a focusing optical system is an 

coincident and the display positions or the right and left optical system having one optical axis. This obviates the 

images become consistent An observer therefore experi- necessity of interlocking the operations of rigjit and left 

ences an optimal sense of ttaee-dimensionality but feels less optical systems for the purpose of focus adjustment In this 

fatigued. embodiment two CCDs can be moved so that when an 

Optical fibers may be employed for the relay optical 15 object comes into focus due to focus adjustment the centers 

systems 4a and 4b, which results in a flexible insertional of right and left fieids-of-view will be aligned with the 

part centers of display surfaces of the CCDs. This ernbodiment 

FIG. 9a shows a configuration of an endoscope relating to csa therefore provide a clear stereo image and cause an 

the second embodiment of the present invention. In a stereo observer to feel less fatigued 

endoscope 20 shown in FIG. 9a, the imagery optical system 20 FIG. 10a shows a configuration or a stereo endoscope 

5 shown in FIG. 2 is designed to perform focusing on behalf relating to the third embodiment of the present invention. A 

of a zoom optical system. That is to say, the stereo endo- stereo endoscope 25 shown in FIG. 10a includes a relay 

scope 20 includes a varifocal optical system SB that is a optical system 26. which serves as an image transmitting 

telecentric optical system having one optical axis. The means having one optical axis, instead of the relay optical 

employment of a telecentric optical system aims to reduce 25 systems 4a and 4b shown in FIG. 2. In FIG. 10a, reference 

the displacements of the positions of images resulting from numeral 27 denotes a shielding plate for shielding the 

focus adjustment Hie varifocal optical system SB has a lens objective optical systems 3a and 3b for fear that light will 

21 and a focusing lens 22. which is driven by an optical enter the objective optical systems. The imagery optical 

system driving means 79 and moved back and forth along system 5 may be the zoom optical system 5A or varifocal 

the optical axis for focusing, behind the relay optical sys- 30 optical system 5B. The other components identical to those 

terns 4a and 4b. The optical system driving means 79. that in the first or second embodiment are assigned the same 

is. a mechanism for moving the focusing lens 22; may have reference numerals. No mention will be made of these 

the same structure as the zoom mechanism in the first components and the operation identical to that in the first or 

embodiment. A mechanism for driving the CCDs 2a and 2b second embodiment 

may have the same structure as the one in the first embodi- 35 The objective lenses 3a and 3* may he replaced with, as 

ment An arrangement for interlocking the operations of the shown in FIG. 10b, an objective lens 28 that is a mold, or as 

varifocal optical system and CCD mechanism may be iden- shown in FIG. Iftc, an objective optical system 29 that is a 

tical to any of those shown in FIGS. 6 to 8. lens having the same diameter as the relay optical system 26 

In this embodiment a movement value detecting means ^ and including two portions that possess the capabilities of 

15 A for detecting the magnitude of movement of the focus- necessary lenses. Since the objective lens 28 and objective 

ing lens 22 is installed on behalf or the movement value optical system 29 are single units, a difference in magnifi- 

detecting means 15 shown in FIG. 2. The other components cation between right and left images can be mimmized. 

identical to those in the first embodiment are assigned the The other components and operational effects are identi- 

same reference numerals. No mention will be made of these 45 cal to those in the first or second embodiment of which 

components and the operation identical to that in the first description will therefore be omitted. 

embodimeilt - FIG. 11 shows a configuration of a stereo endoscope 

In the aforesaid configuration, assuming that an object on apparatus relating to the fourth embodiment. A stereo endo- 

a plane A indicated with a solid line in FIG. 9a is visualized scope apparatus shown in FIG. 11 comprises a stereo endo- 

faee-dimensionally. when the foci of the right and left 30 scope 20A. a signal processing unit 53. and a monitor 35. 

optical systems are adjusted so that an object on a plane B The stereo endoscope 20A and signal processing unit 33 

indicated with a dot-dash line in FIG. 9a comes into focus constitute a stereo endoscope imaging apparatus. Unlike the 

(which is referred to as focus adjustment), unless CCDs are aforesaid stereo endoscopes in which two CCDs are moved, 

moved, imagery beams follow dashed lines in FIG. 9a. in this stereo endoscope imaging apparatus, focus (or zoom) 

Specifically, the beams reach points PI and P2 on the plane 5S adjustment is achieved by holding CCDs stationary but 

B at which two solid lines intersect the dot-dash line of the varying display positions. In the stereo endoscope 20A of 

plane B. Images of different positions of an object are this ernbodiment the portion starting with the objective 

therefore formed in the centers of right and left fields-of- lenses 3a and 3b and ending with the CCDs 2a and 2b, and 

view. Although the object on the plane B is in focus. the movement value detecting means ISA and driving means 
three-dimensionality is not realized. eo 79 are arranged in the same manner as those shown in FIG. 

In the aforesaid configuration, the driving means 16 9a. 

drives the CCDs 2a and 2b so that the centers of the CCDs In this fourth embodiment the output signals of the CCDs 

will be aligned with the centers of right and left fields or 2a and 2b are fed to a signal processor 37 in a signal 

view while being separated from each other by a distance processing unit 33 and subjected to various kinds of signal 
permitting clear observation of right and left images. The 65 processing. The processed signals are then fed to an image 

optical axes passing through the centers of the right and left display timing corrector 34 The image display timing 

fields-of-view intersect at a point P on the plane B as corrector 34 controls the timing of displaying the output 
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signals, which have been subjected to various processing by enables adjustment of display positions of right and left 

means of the signal processor 37, so that the output signals Images on the color monitor 35. 

will be displayed at appropriate positions on (he monitor 35. in the aforesaid configuration, when focus adjustment is 

The image display timing corrector 34 displays the output performed, a drawback described in conjunction with the 

signals as right and left images at appropriate positions on 5 second embodiment occurs. Specifically, as shown in FIG. 

the monitor 35 according to a magnitude of correction lib, right and left images are mismatched and displayed at 

provided by an image shift value generator 36. At this time. different positions on the monitor 35. The right and left 

the image shift value generator 36 outputs a magnitude of images are therefore not seen as a stereo image, 

correction; that is, a magnitude of movement of images nG m ^ displacements of the positions of centers 

according to a magnitude of focus adjustment detected by 10 0 f images resulting from focus adjustment 

the movement value detecting means 15A. When the right and left optical systems are to be focused 

FIG. 12 is a block diagram concerning an example of a at a A ^ fiq. 11a if the foci thereof are adjusted so 

circuitry of the signal processing unit 33. ^ they ^ focus & a b . the center positions of right 

The CCDs 2a and 2b are electrically coupled with a and left images are not aligned with the center of a monitor 

driving circuit 37 and a signal processor 38 incorporated in 13 screen, as shown in FIG. 116. In mis embodiment, the CCDs 

the signal processing unit 2a and 2b are immobilized. The point B in FIG. lib, which 

The objective lenses 3a and 3b are arranged to create a must lie in the centers of the images, is decentered as 

parallax. Optical images having a parallax between them are indicated with dashed lines in FIG. lib every time focus 

therefore formed in the imaging areas of the CCDs 2a and adjustment is performed. The right and left images must 

2b. Signals resulting from photoelectric conversion per- 20 therefore be moved so that the point B will be centered on 

formed by the CCDs 2a and 2b are read with imaging device a monitor screen. 

driving signals applied by the driving circuit 37. The read Assuming that a distance from the point A to B is a 

signals are then fed to the signal processor 38. maximum adjustable length for focus adjustment by the 

The output signals of the CCDs 2a and 2b to be fed to the ^ varifocal optical system 5B. a hatched area in FIG. Mb is a 

signal processor 38 are amplified by pre- amplifiers 49a and common imaging zone. In this embodiment, the common 

49b, and then fed to pre-processors 50a and 50b. The imaging zone, which is shared by the right and left images, 

pre-processors 50a and 50b perform various kinds of signal is regarded as a display zone of the monitor 35. The timing 

processing such as white balance control. AGC. and iris regulation circuit 55 regulates the timing of applying a 

control. memory address signal generated by the pulse generator 54 

Output signals of the pre-processors 50a and 50b are fed to the memory 53 and specifies a read location. Thus, the 

to gamma correction circuits 51a and Sib, and then sub- positions of images displayed on the display plane of the 

jected to gamma correction. Thereafter, the output signals color monitor 35 are changed two-dimensionally. Focus 

are converted into digital signals by A/D converters 52a and adjustment does not cause very large displacements of 

52b. The digital signals are temporarily stored in a memory 35 images. A magnitude of correcting display positions is 

53. therefore not very large. 

The signals stored in the memory 53 are read, and then In this ernbodiment the image shift value generator 36 

converted into analog signals by a D/A converter 57. The provides a magnitude of correction for the read timing 

analog signals are then recomposed as standard video sig- regulation circuit 55 according to a magnitude of movement 

nals and supplied to the color motor 35. A pulse generator 54 ^ detected by the movement value detecting means 15A. The 

applies a timing pulse to the driving circuit 37 and prepro- read timing regulation circuit 55 regulates the timing of 

cessors 50a and 50b. reading the memory 53. and corrects the timing of display- 

The pulse generator 54 applies an A/D dock and a D/A ing right and left images represented by the signals of the 

clock to ihe A/D converters 52a and 52b, and the D/A CCDs 2a and 2b. Thus, the display positions of the right and 

converter 57, respectively. The pulse generator 54 applies a 45 left images are held coincident so that the centers of the right 

memory address signal and a switch signal to the memory and left images will not be mismatched due to focus adjust- 

53. Furthermore, the pulse generator 54 applies a right-left ment In this embodiment the right and left images are 

switch signal to liquid crystal glasses 39 synchronously with displayed with the centers consistent with the centers of the 

the display of a right or left image. The memory 53 is one fields-of-view, and coincide with each other. This results in 

of the components of the image display timing corrector, 50 a clear easy-to-see stereo image. 

In response to a right-left switch signal when a right The operational effects are identical to those of the third 

image is displayed on the color monitor 35. the right-eye ernbodiment, of which description will be omitted. The 

liquid crystal of the liquid crystal glasses 39 becomes imagery optical system 5 may be identical to the zoom 

transparent and the left-eye liquid crystal thereof becomes optical system 5A in the first embodiment, 

interceptive. When a left image is displayed on the color 55 FIG. 13a shows a configuration of a stereo endoscope 

motor 35. the right-eye liquid crystal of the liquid crystal apparatus relating to the fifth ernbodiment of the present 

glasses 39 becomes interceptive and the left-eye liquid invention. A stereo endoscope apparatus shown in FIG. 13a 

crystal thereof becomes transparent. Thus, a surgeon comprises a stereo endoscope 30. a signal processing unit 

observes the right and left images, which are displayed 58, and the monitor 35. The stereo endoscope 30 and signal 

alternately on the color monitor 35, as a stereo image. 60 processing unit 58 constitute a stereo endoscope imaging 

The signal processing unit 33 further includes a read apparatus, 

timing regulation circuit 55 mat is one of the components of The stereo endoscope 30 is the same as the endoscope in 

the image display timing corrector. The read timing regula- the third embodiment except that the CCDs 2a and 2b are 

tion circuit 55 regulates the timing of supplying a memory replaced with a CCD 31. The CCD 31 should preferably be 

address signal used to read right and left images stored in a 65 a a high-definition device having a relatively large imaging 

plurality of storage areas in the memory 53. The read timing surface such as a device designed for a high-definition 

regulation done by the read timing regulation circuit 55 television. The imagery optical system 5 is formed with an 
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optical system 32 capable of adjusting both zooming mag- Assuming that the number of horizontal pixels for a right 

indications and focusing. The optical system 32 is, as shown or left image is X and a horizontal transfer clock frequency 

in FIG. 136, composed of a focusing lens 12A a variable is f (Hz), the right-left select switch S2a or S2* is switched 

power lens 13. and a compensating lens 14 in that order at intervals of a product of X by fS. 

behind a relay optical system 26. The lenses 12A, 13. and 14 s Adjoining two field memories of the field memories 65a 

are driven by an optical system driving means 85. whereby to 65*; that is, field memories 65a and 656, 65c and 654 65* 

magnification adjustment and focus adjustment are 65£ and 65g and 65*, are paired to form four frame 

achieved. The movement value detecting means 15B detects memories; mat is. a right image frame memory 65L a left 

the magnitude of moving the focusing lens 12A, variable image frame memory 65 J. a right image frame memory 65K. 

power lens 13, and compensating lens 14. 10 and a lcft ima $ c &amc memory 65L. 

A shielding plate 27A is placed between the right and left M s f cn £° m ™- 14 ; s * nals f or one frame rend from, for 

lenses of an objective optical system 28. ""J** * c 1 * t ™ u * ^ 31fl a n j*J J™ 8 ^ 

, ^. . t . m ^ . . , , stored in the two field memories 65a and 65*. which 

In this embodiment, as shown in FIG. 13c, right and left constitute the right image frame memory 651. in an inter- 

lmages are formed on the same imaging surface of the CCD laced manner. Likewise, signals for one frame read from the 

31. Electric information resulting from photoelectric con- 15 light-receiving area 31b for a left image are stored in the two 

version are fed to the signal processing unit 58. The imaging field memories 65c and 654 which constitute the light image 

surface is segmented into a light-receiving area 31a for a frame memory 65J, in an interlaced manner, 

right image and a light-receiving area 31* for a left image. The field memories 65a to 65* are. as shown in FIG. 16. 

The electric signals are fed to a signal processor 60 in the read in the order of the field memories 65c, 65c, 656, 654 

signal processing unit 58 and then subjected to various kinds 20 65e, 6Sg, 65*, 65a, 65c. etc. Thus, right and left images are 

of processing. The processed information is then displayed displayed alternately on the monitor 35 by performing 

as right and left images on the monitor 35. The signal interlaced scanning. 

processing unit 58 has, similarly to that in the fourth For example, when the intersection between the optical 

embodiment, an image display timing corrector 59 and an axes of right and left optical systems appears in right and left 

image shift value generator 69. The image shift value 25 images displayed alternately on the monitor 35, if the 

generator 69 provides a magnitude of correction for the intersection is displayed at inconsistent positions in the right 

image display timing corrector 59 according to a magnitude and left images, the read timing should merely be regulated, 

detected by the movement detecting means 15B. Corapo- Thus, similarly to the first embodiment, the intersection can 

nents identical to those in the third embodiment are assigned be displayed at consistent positions in the right and left 

the same reference numerals. No mention will be made of 30 images without moving the CCD. 

these components and the operation identical to that in the as for the display of the intersection, it is also possible to 

third embodiment. display the intersection in a rightward side of a right image 

FIG. 14 is a block diagram of circuits for the signal and in a leftward side of a left image, 

processing unit 58. The signal processing unit 58 includes a in FIG. 16, solid lines indicate even fields and dashed 

pre-amplifier 61. a pre-prooessor 62, a gamma correction lines indicate odd fields. In this embodiment, an image for 

circuit 63. an A/D converter 64. a memory 65. a D/A one frame processed by the CCD 31 is displayed for 

converter 66. a pulse generator 67. a read timing regulation one-thirtieth of a second. In other words, each of right and 

circuit 68. an image shift value generator 69. and the driving left frame images is displayed for one-sixtieth of a second, 

arcuit 37 These circuits operate substantially identically to In Ms cmbo diment. similarly to the aforesaid 

those in the signal processing unit 33 shown in FIG. 12. 40 embodiments, right and left images are displayed on a 

Next, referring to FIG. 15, a configuration of the memory monitor for stereo visualization. When magnification adjust- 

65 will be described. In this enibodiment, an output signal ment or focus adjustment is performed, a movement value 

read from the CCD 31 is divided into a right image signal detecting means detects a magnitude of moving lenses for 

and a left image signal as shown in FIG. 15. and then 45 the adjustment Signals representing rigit and left images of 

temporarily stored in the memory 65. Right image signals a divided image are fed to, for example, the image display 

and left image signals are read alternately frame-by-frame. timing corrector 59 shown in FIG. 13, whereby the display 

and then displayed on the color monitor 35 by performing positions of the right and left images are changed, 

interlaced scanning as shown in FIG. 16. na 17a schematically shows a configuration of a stereo 

As shown in FIG. 15, signals representing pixels read x endoscope relating to the sixth embodiment, 

from the CCD 31 are temporarily written in eight field A stereo endoscope 80 in this embodiment differs from 

memories 65a to 65* via a flame select switch SI. two those in the aforesaid embodiments in a point that right and 

nght-left select switches S2a and S2A, and four field select left images are not displayed on a monitor but observed 

switches S3o to S3* directly with naked eyes through an eyepiece unit Compo- 

The signals written in the field memories 65a to 6Sh are 55 nents identical to those In the first enibodiment are assigned 

read after passing through four right-left select switches S4a the same reference numerals. No mention will be made of 

to S4a\ two field select switches S5a and SSb, and a frame these components and the operation identical to mat in the 

select switch S6. The read signals are fed as output signals first embodiment The difference alone will be described, 

of the memory 65 to the D/A converter 37 in the next stage. The stereo endoscope 80 has image guide fibers 81a and 
and then converted into analog signals. 60 81* (hereinafter, image guides) and eyepieces 82a and 82*, 

The frame select switches SI to S6 are switched with a which constitute an eyepiece optical system, instead of the 

frame switch signal having a duration of one-thirtieth of a CCDs la and 2b in the first embodiment. Right and left 

second. The field select switches S3a to S3* SSa, and S5* object images formed by the imagery optical system 5 are 

are switched with a field switch signal having a duration of transmitted toward naked eyes by means of the image guides 
one-sixtieth of a second. The right-left select switches S4a 65 81a and 81^ and formed at the positions on the CCDs 

to S4d are switched with a right-left switch signal having a observed with the naked eyes 83a and 83* via the eyepieces 

duration of Vim sec. 82a and 82*. 
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The image guides 81a and Sib have flexibility. A fiber 
driving means 84 varies the space between the image guides. 
The fiber driving means 84 moves the ends of the image 
guides 81a and 8U> by the side of the imagery optical system 
5. which can be composed of the drive mechanism and 
driving source shown in FIG. 4 or S. 

FIG. 17b shows another structure of the fiber driving 
means 84. In the fiber driving means 84. driving bars 87a 
and 876 projecting from the tips of piezoelectric elements 
86a and S6b are abutted against the walls of the ends of the 
image guides 81a and 81£ by the side of the imagery optical 
system 5. A control means 17 applies a driving signal to the 
piezoelectric elements 86a and 8/6b. The ends of the image 
guides 81a and 81J> by the side of the imagery optical system 
5 move laterally by a distance corresponding to the electrical 
size or the applied driving signal. The structure shown in 
FIG. 17b may apply to the CCD driving means 16 in the 
previous embodiments. 

In this embodiment, even when zooming magnifications 
or foci are adjusted, since the ends of the image guides 81a 
and 81fr by the side of the imagery optical system 5 are 
moved, an optimal stereo image can always be observed 
with the naked eye. This embodiment causes an observer to 
feel less fatigued. 

In the aforesaid embodiments, the optical system shown 
in FIG. 13* may be employed as the imagery optical system. 

In the present invention, it will be apparent that a wide 
range of different working modes can be realized on the 
basis of the spirit of the invention. This invention will not be 
limited to the appended claims but not restricted to any 
specific working modes. 

What is claimed is: 

1. A stereo endoscope imaging apparatus comprising: 
a pair of right and left objective optical systems opposed 
to an object and arranged with a predetermined space 
therebetween so as to form a right object image and a 
left object image, respectively; 
an image transmitting means for transmitting said right 
object image and said left object image formed to 
predetermined positions by said objective optical sys- 
tems; 

an imagery optical system having a single optical axis, for 
receiving said right and left object images from said 
image transmitting means and forming said right and 
left object images at predetermined positions; and 
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an imaging means for receiving said right and left object 
images from said imagery optical system and convert- 
ing them into electrical signals. 

wherein said imaging means includes two imaging 
devices that are arranged to optically receive said right 
and left object images formed by said imagery optical 
system, and which convert said right and left object 
images into electrical signals. 

wherein said imagery optical system includes an adjust- 
ment optical system for performing at least one of 
magnification adjustment and focus adjustment on said 
right and left object images transmitted by said image 
transmitting means, said stereo endoscope imaging 
apparatus comprising: 

a driving signal supplying means for applying a driving 
signal for reading electrical signals resulting from 
photoelectric conversion performed by said two 
imaging devices; 

an optical system driving means for driving said adjust- 
ment optical system to effect at least one of said 
magnification adjustment and said focus adjustment; 

a detecting means for detecting magnitude of adjust- 
ment effected by said adjustment optical system 
driven by said optical system driving means; 

an image display timing correcting means for correct- 
ing the tuning of displaying electrical signals, which 
is read by said driving signal supplying means and 
displayed as right and left images in a display means, 
so as to change at least one of the display positions 
of said right and left images; and 

an image shift value generating means for providing a 
magnitude of correction of the display timing 
effected by said image display timing correcting 
means according to the magnitude of adjustment 
detected by said detecting means. 

wherein said image display timing correction means 
includes: 

a memory means for temporarily storing electrical 
signals read with said driving signal; and 

a read timing regulating means for regulating the 
timing of reading electrical signals as right and left 
images from said memory means according to a 
magnitude of correction effected by said image 
shift value generating means. 
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